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ABSTRACT
The Illinois River ranks among a world class of large ri ver-floodpl ain ecosys-
tems that includes the Mississippi, the Amazon, and the Nile. These rivers
are dynamic ecosystems characterized by seasonal floods that spread over large
floodplains and enhance biological productivity. Despite a century of altera-
tions, the Illinois River retains approximately half its floodplain and a
floodpulse, and therefore is one of only three large river-floodplain ecosys-
tems in the United States recommended for restoration by the National Research
Council Committee on Restoration of Aquatic Ecosystems (1992). It is part of
the Upper Mississippi River System, which Congress recognized as a "nationally
significant ecosystem" in the Water Resources Development Act of 1986. Al-
though no restoration can ever be perfect, it is possible to restore processes
that enable a disturbed ecosystem to maintain, repair, and even rejuvenate
itself. Impediments to restoration include incomplete public ownership of
underwater lands needed for restoration projects; continuing invasions of
nonnative pests such as the zebra mussel; and toxic episodes that can undo
many years of pollution abatement and ecosystem recovery. These obstacles can
be overcome by easements or purchase of land; by stricter federal regulations
and better dispersal barriers; and by new continuous biological monitoring
systems that provide early warning of toxicity so that corrective action can
be taken. The predisturbance reference period for the Illinois should be the
19th century, when the river maintained itself in a dynamic equilibrium with
no human intervention, rather than more recent periods when the river was
disequil ibrated by watershed alterations, Lake Michigan diversion, and naviga-
tion dams. Much can be learned from retrospective analysis of available data
on predisturbance land forms, vegetation patterns, and hydrographs that could
be applied to contemporary restoration of the river. Current efforts to
rehabilitate and enhance portions of lakes or lands for a particular human use
or highly valued species are expensive, interim measures that require continu-
ing maintenance and may, in fact, worsen the excessive sedimentation and water
level fluctuations they seek to mitigate. Ecosystem restoration saves money
in the long run, because natural services are restored, instead of requiring
costly human intervention with its considerable risk of failure. These serv-
ices include self-repair following natural or human disturbance; flood convey-
ance and storage; water purification; fish and wildlife production; and pres-
ervation of biodiversity.
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If we could first know iv/iere we are,
and whither we are tending,
we could then better judge what to do,
and how to do it.
A. Lincoln. Illinois Republican Convention,
Springfield, June 15, 1858.
WHERE ARE WE?
Where in the World Are We? We are on the Illinois River, which ranks among a
world class of large ri ver-floodpl ain ecosystems that includes the Mississip-
pi, the Amazon, the Nile, and the Mekong. River-floodplain ecosystems are
characterized by seasonal floods that spread out over large floodplains and
enhance biological productivity in comparison to less dynamic ecosystems, such
as lakes or reservoirs (Figure 1; Bayley 1991). The annual floodpulses are so
predictable and long lasting that plants, animals, and even human societies
have adapted to take advantage of them. For example, wildflowers such as the
endangered decurrent false aster germinate on fresh silt deposits left by the
spring flood, where they are not shaded out by other plants. During the
flood, fishes use the expanded floodplain lakes and the floodplains themselves
for spawning areas and nurseries (Junk, Bayley and Sparks 1989). Every school
child learns how the first civilizations developed in Egypt and Mesopotamia
because large populations could be sustained in one place for millennia when
the fertility of the soils was renewed each year by the annual overflow of the
rivers. Outside the floodplains, the fertility was exhausted with a few years
of steady cultivation, so people had to move on.
The Illinois River Floodplain. Although the undisturbed Illinois River was
relatively small in terms of flow (approximately equal to the Rock River,
prior to the largescale diversion of Lake Michigan water down the Illinois
starting in 1900), it has an unusually large floodplain for its size. Large
river-floodplain ecosystems have always been rare, because not every large
river has a large floodplain: the Columbia, the Colorado, and the St. Law-
rence are large North American rivers, in terms of water flow, but they are
enclosed in narrow valleys or canyons, without large floodplains. The miles-
wide (2 to 7 miles) floodplain of the middle and lower Illinois River is a
gift of much larger ancestral rivers (Figure 2). Intact large river-flood-
plain ecosystems are extremely rare , and are becoming rarer still, because the
developed countries of the world have altered entire watersheds and channel-
ized and impounded virtually all their large rivers, and the developing coun-
tries are hurrying to catch up with them (Sparks 1992; Sparks 1993).
The Floodpulse. The undisturbed Illinois River had a protracted floodpulse
that benefited flood-adapted vegetation, fish, and wildlife, not to mention
loggers, trappers, clammers, fishermen, and hunters. The single flood
generally rose slowly, starting in the fall, peaked during spring rains and
snow melt, then declined gradually to a summer low, when plants could grow on
newly-deposited mudflats and in the clear, shallow lakes and backwaters
(Figure 3). The pulse usually was gradual and protracted because the
hydraulic capacity of the floodplain was large in relation to the flow of the
river, and the gradient was extraordinarily shallow: the rate of fall in the
lower 223 miles was only O.I ft per mile (Mills et al . 1966; Talkington 1991).
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Also, the dense vegetation on the natural levees and surrounding the lakes
slowed the water (and filtered out some of the sediment). Consequently, it
took a relatively long time to fill and empty the floodplain, resulting in a
gradual, smooth floodpulse in most years. In contrast, the Upper Mississippi
River had two distinct floodpulses per year, and the lowest river stage
occurred in midwinter, which may have reduced overwinter survival of fish, if
they were trapped in shallow areas that froze solid (Figure 3). The gradient
in the Mississippi was steeper, so the flood rose and fell more quickly than
in the Illinois, increasing the risk of stranding young fish that had been
spawned on the floodplain. Also, the major flood did not begin as soon in the
spring as on the Illinois, where fishes had earlier access to floodplain
spawning and feeding areas. These differences in the natural floodpulses
between the two rivers may explain the greater fish yield in the Illinois
around the turn of the century.
Biodiversity. So far I have described where we are among world rivers in
terms of geological history, hydrology, and biological productivity. Now I
turn to biodiversity, which has much to do with the geography of the Illinois
and Mississippi. The north-to-south orientation of the mainstem Mississippi
across 18 degrees of latitude (about 1300 miles) provided a southern escape
route and refuge for aquatic species during the ice ages, when the Great Lakes
and many northern tributaries were covered by ice sheets (Briggs 1985). When
the glaciers melted, the species could recolonize the newly-opened northern
drainages. In contrast, more species were lost during harsh climatic periods
in Europe or the rest of North America where rivers ran east-west, northwards,
or were simply too short to provide a southern refuge. The Mississippi and
its major tributaries have been major incubators and conservators of fresh-
water species through the eons; one third of the 600 freshwater fishes in
North America and most of the 297 species of freshwater mussels in the United
States were found in the Mississippi drainage (Fremling et al . 1989; Turgeon
et al . 1988; Neves 1993). In contrast, western Europe has only 15 species of
freshwater mussels (Neves 1993), and there are only about 10 fishes that are
endemic to the Great Lakes--the rest are mostly river residents or river
migrants that have colonized the lakes on their own or been introduced by
humans (Underhill 1986).
The Illinois as a Migration Corridor. In addition to conserving species
during harsh climatic periods, the north-south orientation of the Mississippi
and the lower 200 miles of the Illinois River made both rivers ideal migration
corridors for waterbirds (ducks, geese, swans, herons, egrets), shorebirds
(e.g., sandpipers), raptors (owls, hawks, eagles), and songbirds (warblers,
finches, orioles, etc.) that move annually between their breeding grounds in
the north and their wintering areas along the Gulf coast or in South America.
Most fish undertake much shorter migrations within the river-fl oodpl ain eco-
system and its tributaries, but there is one long-distance aquatic migrant
that rivals the birds. The American eel, Anguilla rostrata, spawns deep in
the Sargasso Sea, northeast of Cuba. The baby eels drift and swim with the
ocean currents toward the Gulf and east coasts of the United States. The
males seek out river mouths, but the females swim as far upstream as the
tributaries of the Illinois River and Upper Mississippi River, where they take
5 to 20 years to mature before starting their downstream migration (Pflieger
1975).
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Connections. The Illinois is connected to the much larger Mississippi drain-
age and the Gulf of Mexico not only by animal migrations, but also by the
transport of water, sediments, nutrients, and contaminants. What we do has
downstream effects, and we in turn are affected by what happens upstream of
us. Nutrients from the farmlands of Illinois contribute to plankton blooms in
the Gulf of Mexico where the plume of freshwater from the Mississippi meets
seawater. The blooms of algae senesce and sink, using up oxygen in the decay
process and contributing to the spreading zones of oxygen depletion ("dead
zones") on the bottom, which adversely affect commercially valuable fish and
shrimp (Vorosmarty et al . 1985; Rabalais and Harper 1992; Rabalais 1993;
Justic et al. 1993).
To summarize the answer to the question, "Where are we?": we are on a river
that harbors an unusual number of species and belongs to an increasingly rare
world class of large river-floodplain ecosystems. We are connected to the
rest of the world: what we do in the Illinois Basin affects the Gulf of Mexico
and the fate of species as far away as South America and the Sargasso Sea.
We, in turn, are affected by what happens upstream, including upland water-
sheds.
WHITHER ARE WE TENDING?
Water Management and the Floodpulse. There is good news, some mixed reviews,
and some bad news regarding trends in the Illinois River. One piece of good
news is that despite a century of alteration, the Illinois River-Floodpl ain
Ecosystem still retains a floodpulse and approximately half its floodplain
(Figure 4). People are surprised by this, because they know the river has
been dammed, and they assume the flow is controlled. Fortunately, the flood-
pulse still occurs in the Illinois River because navigation dams, in contrast
to storage reservoirs, do not stop floods; rather, they maintain minimum water
depths for navigation during the low flow season. In fact, during floods, the
dams at Peoria and La Grange fold into the bottom of the river and boats go
right over the top of them. The Illinois River is much less encumbered by
navigation dams than the Upper Mississippi River because the dams on the lower
230 miles of the Illinois divide the river into three reaches, each approxi-
mately 80 miles in length, whereas the dams are only 10 to 46 miles apart on
the Upper Mississippi River.
The down side is that the dams do not allow the river to get as low as it once
did, so sediments delivered by the annual floods into areas influenced by the
dams do not dry and compact during the summer, as they formerly did (Bayley
1991). The absence of this important compaction process went unnoticed during
the first two decades of operation of the nine-foot navigation system, espe-
cially since fish and wildlife populations evidently increased to fill the
lakes and backwaters that had expanded due to the higher water elevations
maintained by the dams.
Other time bombs, besides loss of compaction, were ticking. The deeper waters
were more efficient at trapping the sediments that were delivered to the river
at increasing rates as agriculture intensified (with a shift to row crops,
fall plowing, removal of streamside forests, and stream straightening) during
the 1950's. As the bottom was raised by the accelerated deposition of watery,
dispersed silt, the sediments were more easily and frequently resuspended by
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wind- and boat-generated waves, making the water cloudy. The waves were
bigger on the greatly expanded lakes and backwaters because the wind fetch was
greater, so aquatic plants were uprooted. The last of the floodplain trees
that had been killed by permanent inundation rotted, or were carried away;
with these natural wavebreaks gone, banks eroded at increasing rates, putting
even more sediment into the lakes and removing even more windbreaks as whole
islands eroded away. When the aquatic plants finally disappeared late in the
1950's, there were no roots left to anchor the bottom and no leaves or stems
to dampen waves, so the waves churned the lakes into turbid, barren deserts.
The aquatic plants probably disappeared because they could not get enough
light to grow in the turbid water, nor enough roothold to anchor themselves in
the watery sediments (Sparks et al . 1990; Bellrose et al . 1979; Bellrose et
al . 1983). Another factor was increased fluctuation in water levels during
the summer growing season, when aquatic plants need low, stable water levels.
The fluctuations were probably caused by increased variability in the flow of
tributaries resulting from upland drainage and channelization, and from reduc-
tion of the capacity to store and convey small floods on the floodplain due to
sedimentation and levees. A moderate amount of water added to a small, con-
stricted container will cause a greater rise than the same amount added to a
'^ery large, wide container. Levees not only reduce capacity directly, by con-
stricting the floodplain, but also indirectly, by concentrating sedimentation
in the remaining unleveed areas.
The end result was shocking to people who returned to the river in the 1950's
after having last seen it in the early 1950's, such as the Korean War veter-
ans. They remembered hunting for abundant canvasback ducks and bluebills over
beds of wild celery and fingernail clams in Peoria Lake. With the plants and
most of the bottom-dwelling invertebrates gone, the ducks no longer migrated
down the Illinois (Mills et al . 1956). The demise of the clams and other
invertebrates might have been linked to the collapse of the plants, because
the plants remove ammonia from sediments as a nutrient, and ammonia is toxic
to sediment-dwelling animals (Sparks and Dillon 1993; Sparks et al . 1992).
Biodiversity. Although the natural rivers of the Mississippi Basin conserved
species during harsh times, the human-altered rivers have not done nearly so
well. Aquatic species are disproportionately imperiled compared to terrestri-
al species, according to the Nature Conservancy (Master 1991), the Endangered
Species Committee of the American Fisheries Society (Williams et al . 1989) and
others (Blockstein 1992; Cairns and Lackey 1992; Hughes and Noss 1992; Titus
1992; Williams and Rinne 1992). One in ten species of freshwater mussels has
gone extinct in this century, and almost three-quarters of the remaining
freshwater mussels are either rare or imperiled (Neves 1993; Sawhill 1992;
Stolzenberg 1992)! Twenty-seven percent of the extant North American fishes
are endangered or in jeopardy, and the number is increasing (Williams et al
.
1989). In the Illinois River, 10% of the fishes (13 of 131 species) and half
the mussels (24 of 47 species) have probably been extirpated (Page et al
.
1992; Cummings 1991). Declines are attributable to: (1) overloading with
sewage and industrial waste, (2) habitat loss due to excessive sedimentation
and to leveeing and drainage of the floodplain, and (3) introductions of non-
native species, such as the zebra mussel.
Mater Quality and Fish Communities. Water quality has improved, after the
expenditure of approximately $10 billion over the past 20 years (mostly on
sewage and stormwater treatment in the Chicago area, but with substantial
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expenditures in the Peoria area as well), and the improvements are reflected
in the return of gamefishes and cleanwater fishes. Near Chicago, stress-
tolerant nonnative fishes, such as carp and goldfish, have declined markedly
and gamefishes (bass and bluegill) have reappeared (Figure 5). In the middle
reaches of the river near Peoria, gamefishes now comprise 43.6% of the total
population (up from just 9.9% in 1953), and the river hosts nationally-ranked
annual tournaments for walleye, sauger, and largemouth bass.
Although the gamefishes seem to be recovering from a century of degradation,
the commercial fishery is still depressed, especially in comparison to its
heyday in 1908, and in comparison with contemporary yields from the Upper Mis-
sissippi River (Table 1). In contrast to the gamefishes, most of which feed
in the water column, most of the commercial fishes feed on clams, snails,
worms, and aquatic insects that live on or in the bottom of the river and its
backwaters. The quality of the sediments has not improved to the same extent
as water quality, and the bottom-dwelling fishes appear to be affected both by
direct contact with the sediment, and indirectly, through their food supply
(Sparks and Lerczak 1993). The situation may be gradually improving, however,
because fingernail clams have been reported in several places where they had
died out, and we have seen some adult mayflies [Hexagenia) clinging to the
walls of the Forbes Biological Station at Havana after they have emerged from
nearby waters.
Chronic pollution from point sources has been greatly reduced, but problems
remain from spills or episodes of toxicity caused by changes in pH (acidity),
temperature, oxygen levels, or other environmental factors (Sparks et al
.
1992; Sparks and Dillon 1993). A contaminant that is not harmful under aver-
age environmental conditions may become toxic under other conditions, even
though the concentration remains the same. For example, fish are more sensi-
tive to toxic ammonia at winter temperatures than they are during the summer
(Reinbold and Pescitelli 1990). Also, algal blooms in backwater lakes along
the Illinois River can alter the chemistry of the lakes, thereby increasing
the amount of ammonia which exists in the toxic, un-ionized form (Sparks et
al. 1992).
Nonpoint Pollution and Habitat Quality. Conferences focusing on the Illinois
River, including this one, certainly have made people more aware of the
sedimentation problems in the Illinois River and how these problems are linked
to erosion of upland soils and stream banks. More land is probably enrolled
in various soil conservation programs than 20 years ago. In contrast to the
water quality indicators, however, habitat indicators show little improvement.
With only a few exceptions, submersed aquatic plants have not returned to
areas where they were abundant in the 1950's (Sparks et al . 1990). The plants
require clear water and low, stable water levels during the summer growing
season, because the light they need to grow is attenuated by turbidity and
deep water. The Illinois River remains turbid, indicating that attempts at
upland erosion control may have been ineffective so far in reducing sediment
delivery to the river; also, sediments are being recycled by currents and
waves within the river.
The problem is aggravated by upland drainage and stream channelization that
deliver runoff from summer storms to the mainstem river all at once, instead
of slowing and absorbing it. Channelized streams also have more power to
erode their beds and banks than natural, meandering streams. The effects of

Sparks 1 January 1994 Page 11
(A)
Upper Illinois Waterway
1963 1992
Carp (28.7%;
Carp (5.3%)
Game
(23.0%)
Goldfish
(32.0%)
Other
(39.3%)
Other (71 .7%)
(B) Middle Illinois Waterway
1963 1992
Game (9.9%) __-_ rem m-^ io/.N ______ Game (43.6%)
Carp
(22.0%)
Carp (13.1%)
Other (68.1%)
Other (43.3%)
Figure 5. Fish populations have improved substantially in the Illinois River during tlie
last 30 years, primarily in response to improved municipal and industrial waste
treatment which improved water quality. In 1963 the poorest fish populations
were in the upper river and Chicago waterways. The introduced carp and
goldfish, which can tolerate low oxygen levels and other pollution-related
stresses, comprised 60.7% of the catch obtained by an elcctrof ishing survey.
There were only a few other species and no gamcfishes, such as blucgill and
bass. By 1992 there were no goldfish, the percentage of carp declined to 5.3%,
and gamcfishes comprised 23% of the catch. TJie fish community in 1963 was
better in the middle river, which includes the Peoria and La Grange reaches,
tlian in the upper river, indicating better habitat and better water quality.
Even here, however, carp comprised 22% of the catch and gamcfishes only 9.9%.
By 1992 carp declined to 13.1% and gamcfishes increased to nearly iialf the
catch.

Sparks 1 January 1994 Page 12
Table 1. Trends in Commercial Fish Yield (pounds/acre per year)
Years
1908
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channelization can propagate in two directions: downstream, in the form of
increased sediment delivery to the mainstem Illinois, and upstream, in the
form of headcuts (severe channel erosion and downcutting that gradually move
upstream through a drainage).
Social Values and Human Demands. So far, I have discussed trends in the river
resources themselves: water quality, habitat quality, fish. It is equally
important to consider trends in social values and demands placed on those
resources. In the 19th century, wetlands and floodplains were commonly
regarded as worthless areas that needed to be "reclaimed" for productive use
by humans; water that flowed to the sea unharnessed for irrigation or
industrial use was "wasted"; and the average citizen would have been baffled
by the terms "ecosystem" or "biodiversity".
The social value of a resource may rise with its scarcity, like price in the
market place. Concern about endangered species and the environment is highest
where both are scarcest: in the most populous parts of the U.S. (Weiss 1994).
Now that 85% of the wetlands in Illinois have been drained, and virtually all
the rivers in the Midwest have been degraded by excessive erosion or sedimen-
tation, there is increasing public demand to preserve what is left and restore
at least some of what has been lost (National Research Council 1992). River-
fronts that had been decaying industrial areas have been turned into public
parks and tourist attractions in cities such as Peoria and St. Louis. The
number of freshwater fishermen, migratory bird hunters, and nonconsumptive
outdoor recreationists (ecotourists, boaters, hikers, bird watchers, etc.) is
projected to grow (Flather and Hoekstra 1989). Social values can translate
into economic values as well: a single Bassmaster Superstars fishing tourna-
ment at Peoria brought $8 million into the local economy in 1993 (see article
by Uphoff, this volume), and river-based recreation in a sample of just 75
counties along the Upper Mississippi River is conservatively estimated to
generate 18,000 job s and $1.2 bil 1 ion_ annually in the U.S. economy (Carlson
1993).
'
In summary, people not only seem to value intact ri ver-floodpl ain ecosystems
more than in the past because they are scarce and getting scarcer, but also
because they have a better understanding of the value of natural services such
as production of fish and wildlife, cleansing of water and air, and conveyance
and storage of floods (this important function was brought to everyone's
attention during the flood of 1993). The questions of where we are and whith-
er we are tending are not merely geographical questions, but also social ones.
We have a new way of looking at natural systems that is quite different from
the 19th century exploitative/extractive view. Now that we know where we are
and where we are going, we are ready to think about what we should do and how
to do it.
WHAT SHOULD WE DO?
I think most people at this Governor's Conference could agree on two things we
should do. First, we should preserve those parts of the Illinois River eco-
system that are in relatively good shape. For example, it might surprise some
people to know that deep within the Sanganois Conservation area near Beards-
town there are floodplain ponds with clear water, abundant aquatic plants, and
good fish populations, and canoe trails that follow sloughs bordered by stands

Sparks 1 January 1994 Page 14
of native pin oaks and pecans. There are some other areas similar to the
Sanganois that should be protected from development by being purchased and
managed as public lands.
However, most lakes and sloughs that are open to the Illinois River are de-
graded because of excessive sedimentation, and most people would agree that we
need to restore these areas. How we go about preserving and restoring the
Illinois River and its associated lakes and backwaters is an important ques-
tion that is addressed in the next section.
HOW TO DO IT
The Preservation and Enhancement Perspective. Preserving, rehabilitating, or
enhancing pieces of land are not the same as restoring functioning ecosystems.
Preservation is the protection of something that is already in good shape, by
purchasing and setting it aside, as a nature preserve, for example.
Rehabilitation and enhancement imply fixing up or modifying a feature (levee
district, lake, or backwater) for a particular purpose, such as a waterfowl
feeding area, fishing area, or boat harbor.
An approach used by waterfowl managers is to wall off portions of the lakes
and floodplains to keep silty river water out and control water levels. An
"ideal" floodpulse (low water during the summer growing season) for moist soil
plants (which dabbling ducks and geese eat) can be maintained within the
levees by regulating water levels with pumps and gates. Deeper water levels
for aquatic plants and the ducks that feed upon them can be maintained in
other impoundments. In some cases, such as Lake Chautauqua and the Emiquon
Refuge near Havana, the areas were originally drained and leveed for agricul-
ture, and the preexisting levees are simply maintained. Another example is
the Banner Marsh south of Peoria, which was leveed, drained, and mined for
coal before being sold to the state for use as a hunting and fishing area.
There are several problems with this approach, including the cost of maintain-
ing the levees, gates, and pumps. If high levees are constructed or main-
tained, the floodplain cannot fulfill its hydrologic function of conveying and
storing major floods, and the flood heights and damages increase elsewhere.
If low levees are constructed, the floodplain can convey major floods, and
moist soil plants can still be protected from the little floods that occur
more frequently now than at the turn of the century, but the impoundments will
still receive sediment during major floods. Although these impoundments
benefit the ducks that feed on the plants, the levees and gates may interfere
with the migrations of fish to their spawning, feeding, and wintering areas.
Fish can enter impoundments that have low levees during the spring flood, but
the fish and their young may be trapped inside when the impoundments are drawn
down to expose the mud flats. Different species have different requirements
and human advocates, so the approach of compartmentalizing the floodplain to
optimize management for a particular group of animals (and human advocates)
can become quite controversial and contentious. Optimizing water regimes for
one or a few species in complex river ecosystems such as the Illinois, which
has thousands of species of plants and animals, including 118 kinds of fish,
risks creating suboptimal conditions for others.
Creating an "ideal" water regime for certain species every year is probably
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unnecessary and even undesirable, as long as a mosaic of habitats exists, so
that spawning, feeding, and overwintering can occur somewhere in the river-
floodplain ecosystem within accessible range of local populations, even if the
same area is not used for the same purpose every year. A floodplain depres-
sion that is ordinarily dry during moderate floods may become a spawning site
during record floods, when traditional spawning sites are unusable because of
excessive water velocities or sediment loads. Although the water regime might
be suboptimal in a given year for fish, most warmwater fishes are adapted to a
variable system by means of a high reproductive potential that enables them to
quickly make up for lost year classes (Junk et al . 1989; Bayley 1991). Mi-
grant waterbirds have a very plastic, opportunistic behavior. If they fail to
find food or suitable resting places, they move on. In contrast to fish,
birds are able to move over levees and over land to other drainages and to
inland cooling lakes and reservoirs created by man. When the food supply for
diving ducks failed in the Illinois River in the late 1950s, they shifted to
the Upper Mississippi River (Mills et al . 1956). The problem is that state
and federal fish and wildlife agencies want to satisfy constituents who may
see reduced wildlife populations on a favorite area in a given year as a
failure of the agency or local manager. Public education undertaken by these
agencies should include concepts such as compensatory recruitment and oppor-
tunistic behavior and a longer term and larger scale view of biological pro-
ductivity in ri ver-floodplain ecosystems.
Some year-to-year variation in the flood pattern is probably necessary to
maintain a full complement of species; e.g., some plants may require an unusu-
ally long summer low-flow period to set seed and replenish soil seedbanks.
Other plants, such as cottonwoods, may require a rare combination of extreme
events: a major flood that provides fresh mud flats with no shading from
competitors, followed by several years of low flow that enable the seedlings
to grow large enough that they are not swept away or drowned out by the next
flood. Extreme events may even have a rejuvenating function; for example,
record floods may rejuvenate some long-abandoned side channels by scouring
away accumulated sediment.
Rehabilitation and enhancement techniques should be regarded as interim meas-
ures, designed to treat symptoms (excessive sedimentation and water level
fluctuations) until the causes (excessive sediment yields and excessively
variable water yields from the drainage basin, water level variations due to
diversion and dam operation, reduced hydraulic storage and conveyance capacity
on the floodplain) can be brought under control by the watershed and ecosystem
restoration approaches described below. The approach of partially or com-
pletely isolating portions of the floodplain and backwaters from the river may
in fact be counter-productive, because the more the floodplain is leveed off,
the less hydraulic capacity is left to absorb the little midsummer floods that
are detrimental to moist soil and aquatic plants, and the more sediment is
concentrated on the remaining unleveed areas.
The Watershed Perspective. Most people now recognize that the Illinois River
is a product of its watershed, so to restore and preserve the river, we need
to reexamine and improve the way we manage water and sediment in the uplands,
streams, and major tributaries, as well as within the river-floodplain itself.
A systems approach is needed, because just reducing sediment influx upstream
may actually accelerate bed and bank erosion downstream, resulting in no net
decrease in sediment delivery to the Illinois River. Upstream soil erosion
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control might need to be coupled with riparian revegetation, dechannel ization
of downstream tributaries, and reestabl ishment of natural tributary deltas to
store sediment. Although funding will always be limiting, much could be done
within current budgets by using the results of the systems analysis to retar-
get and increase the effectiveness of existing programs.
Just reducing sediment influx to the Illinois River will not solve all the
problems, however, because sediments are recycled within the lakes and back-
waters and excessive short-term fluctuations in water levels are also a prob-
lem.
The Restoration Perspective. Restoration, in its broadest and most comprehen-
sive sense, is the return of a disturbed ecosystem to a close approximation of
its condition prior to disturbance (National Research Council 1992). The word
"approximation" is critical--no restoration can ever be perfect. No reasona-
ble person would argue that we can or should restore the Illinois River to its
condition prior to the time of European settlement. The natural system would
have changed to some degree on its own since the 1500's, in response to
changes in natural factors such as climate, and anyway, we could not return to
the presettlement condition without drastically reducing the size of the human
population in the drainage basin.
However, we can restore processes that will enable the river-floodplain eco-
system to maintain, repair, and rejuvenate itself to a much greater degree
than it does now. It is far more cost-effective in the long run to give the
ecosystem some scope to maintain itself than it is to attempt to control or
replace all natural functions with human intervention. Like the ancient
Egyptians, we first need to appreciate and understand the river-floodplain
ecosystem and then adapt our management accordingly. They knew that the
annual flood of the Nile renewed the fertility of their fields, and religious
prohibitions against interfering with the flood were recorded in the Book of
the Dead from the 21st dynasty, 1085-712 BC. They believed that everyone was
summoned to judgment after dying, and anyone who could not truthfully swear
that they had kept the commandments would not enter the afterlife. Among the
commandments was this: "Do not hinder the waters of the inundation." The
Egyptians lived in harmony with their river for 3,000 years, while we have
degraded ours within a mere century; we would do well to take a lesson from
them.
Use the Natural System as a Model
.
The restoration perspective implies that
we look to the predisturbance ecosystem as the model for a restored system
that can maintain a dynamic equilibrium, even under a moderate degree of
natural or human disturbance. Although we can only approximate the predis-
turbance system, there is much to be gained by at least attempting to under-
stand how it functioned and maintained itself, then applying this knowledge to
restoration.
If we base our vision only on what we (or our older colleagues) can remember,
our time perspective will be too short, because at best we will refer to a
period from the 1930's to the 1950's. As mentioned earlier, this was a rela-
tively good period, from the standpoint of fish, wildlife, and outdoor recrea-
tion, but unfortunately one that could not be sustained because of the forces
and changes set in motion by raising the water levels (by diversion from Lake
Michigan and by navigation dams) and by alterations of the watershed. The
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lakes and backwaters that were expanded and deepened by the diversion and the
dams continue filling with sediment, although at a slower rate as they become
shallower. We can reduce the rate of filling by reducing sediment delivery
from the tributaries, but we cannot stop the process altogether, nor can we
afford to do enough dredging to return the river and its lakes to a 1940's
condition. Raising the dams to deepen and expand the lakes and backwaters
will merely increase the sediment trapping efficiency and the wind fetch, so
that we temporarily will have large muddy lakes until 20-30 years go by and
they fill with sediment to about the same water depths as we have now.
Instead of this short-sighted perspective that looks only at the immediate
post-disturbance period of the 1940's and 1950's, we should look at the struc-
ture and function of the river-floodplain ecosystem as it was before the
diversions, dams, levees, and drastic alterations of the drainage. Turn-of-
the-century charts show that there were a series of long islands in the Peoria
Lakes, and the lakes were much smaller than they are today. The islands, with
their trees, served as windbreaks and wavebreaks, and may have directed scour-
ing flows through the much smaller and narrower lakes during floods.
Some natural channels, such as Bath Chute, have maintained themselves for over
a century, while others have filled in half that time. It would be worth
learning what features make a side channel self-maintaining, so that we could
restore these important habitats for fish. Is there a way we could guide the
sedimentation that is occurring now, perhaps by installing deflection dikes to
keep some areas scoured out, while increasing the rate of sedimentation else-
where, so that when the river finally attains sedimentary equilibrium, it will
look something like it did in 1900? In contrast to structures that close off
side channels and wing dams that confine the river flow to the 9-foot naviga-
tion channel and keep it scoured out, these new structures would divert some
flow to create or maintain side channels. If we must dredge some areas, the
embryonic natural levees and islands that form behind the deflection dikes
would be logical places to put the dredge spoil.
In other parts of the river, low, broad natural levees once screened flood-
plain lakes and backwaters from winds and the silt loads of the river. In
some places, river water not only had to cross the natural levees but also
shallow wetlands before it could reach lakes that were farther away from the
river. These lakes thus were doubly protected from sediment by a natural
system that we could imitate.
Closing the Barn Door before All the Horses Are Out. Although sedimentation
is a major problem in the Illinois River, the repeated introduction of
nonnative species via the man-made connection to the Great Lakes is another.
All the species of clams, mussels, and snails that remain in the river are
threatened by the European zebra mussel, which invaded the river in 1991 and
now carpets the bottom at densities approaching 100,000 per square yard in
some places. The zebra mussels attach to the shells of the native mollusks,
impeding their movements, interfering with their feeding and respiration, and
eventually killing them. Some thought should be given to installing a thermal
barrier in the locks in Chicago, to prevent introductions of several other
potential pests that have arrived in the Great Lakes via the bilge water
pumped out of ocean-going ships. Also, the laws requiring ships to pump out
their bilge water at sea should be strengthened and strictly enforced. The
thermal barriers might also reduce the populations of zebra mussels already in
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the Illinois River by cutting off the supply of planktonic larvae from Lake
Michigan. Population declines might cascade downstream, because zebra mussels
live only 4-5 years and are dependent on the downstream drift of larvae to
maintain their populations. There should be stricter federal laws regarding
importation of any nonnative species, such as the Asian grass carp, which was
introduced to the Mississippi drainage by the state of Arkansas. The grass
carp is apparently already reproducing in the Ohio River and in the
Mississippi near St. Louis and could compete with plant-eating ducks and
hinder efforts to reestablish aquatic vegetation in the Illinois River.
Continuous Biological Monitoring. Although water quality has generally
improved, toxic episodes remain a problem, as mentioned earlier. Many years
of pollution abatement and ecosystem recovery can be undone by a single
episode. Some of the new continuous monitoring systems that use mussels or
fish as sensors should be installed along the river to provide an early
warning of developing toxicity, so that corrective action can be taken.
Installation of just a few of these at public expense on the main river would
have the beneficial effect of setting off a wave of defensive monitoring by
industries and municipalities eager to prevent spills from reaching the river
and anxious to prove that they are not responsible for any downstream toxicity
that is detected.
A Nagging Problem. Regardless of whether we enhance or restore the Illinois
River-Floodplain Ecosystem, the problem of private underwater landholdings
will have to be addressed. When the nine-foot navigation project was
constructed on the Upper Mississippi River, land that was to be flooded, or
subject to increased flooding, was purchased by the federal government. This
procedure apparently was not followed on the Illinois River, so that portions
of the bottom of Peoria Lake, and perhaps many other areas, are privately
owned. Federal or state habitat enhancement or restoration projects cannot be
done on private lands, even those that may be surrounded by public lands.
An Ecosystem Restoration Strategy for the Illinois River.
The Illinois River was one of only three extant large river-floodplain
ecosystems in the United States identified by the National Research Council
(1992) as retaining enough of its natural features to merit restoration (the
others were the Upper Mississippi River, and the Atchafalaya, a distributary
of the lower Mississippi). We need to recognize that an ecosystem is much
more than the sum of its parts, and that the approach of isolating portions of
the floodplain and backwaters to enhance duck use or fish populations (build-
ing duck ponds and fish ponds) is at best an interim solution to the symptoms
of excessive sedimentation and fluctuating water levels. The long term
solutions require both a watershed perspective and an ecosystem perspective.
Upland watersheds and tributary streams must be managed to reduce sediment
yields and smooth out water delivery that is now excessively flashy (the water
peaks higher and drops lower than in the past). Existing watershed programs
should be refocused on these problems. Ecosystem restoration means that we
restore, to the extent possible, the processes that enable the river-
floodplain ecosystem to maintain, repair, and rejuvenate itself, while
recognizing that we can only approximate the original system. We must also
protect the ecosystem from invasions of non-native pests by better federal
regulations and enforcement against accidental and intentional introductions
and by barriers to inhibit interbasin dispersal of pests. Installation, at
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several locations along the river, of continuous biological monitoring
systems, that use fish or mussels as sensors, would help identify and reduce
the frequency and severity of toxic episodes that can undo many years of
ecosystem recovery.
The realistic vision and model for restoration should be the predi sturbance
ecosystem at the turn of the century, which maintained a dynamic equilibrium,
rather than the disturbed system of the 1940's, which was di sequil ibrated by
watershed alterations, Lake Michigan diversion, and navigation dams, and is
not sustainable, as we should have learned by now. There is much to be
learned from retrospective analysis of 19th century land forms, vegetation
patterns, and water elevation hydrographs that could be applied to
contemporary restoration of the Illinois River.
Ecosystem management does not mean "hands off", but it is management from a
different perspective than the traditional approach of optimizing conditions
for a few highly valued species on isolated parcels of land. It does mean
working with natural processes such as erosion, sedimentation, and seasonal
floodpulses, attempting to manage and guide them, rather than completely
thwarting them. Hunters, fishermen, and preservationists who are now at
loggerheads over how much land, money, and management effort will be devoted
to this or that species could find common ground in restoring the floodplain
and the floodpul se^hat maintains all the species. Now is also a good time to
join forces with^ssociation of State Floodplain Managers and the Federal ^
Interagency Floocrplain Management Task Force, who are evaluating the flood of
1993 and recommending procedures for reducing future flood damages and flood
management costs. Nonstructural approaches to flood management, such as not
rebuilding damaged structures in floodprone areas and moving people out of
harm's way, are congruent with restoration of floodplains and riparian zones.
Ecosystem restoration actually saves money and increases economic efficiency
in the long run, because natural services are restored (flood conveyance and
storage, water purification, production of fish and wildlife, preservation of
biodiversity) instead of maintained by human intervention at great cost and
considerable risk of failure. I believe it is cheaper and less problematic to
let a phenomenally productive river floodplain ecosystem preserve species and
produce fish and wildlife than it is to build and operate hatcheries and
zoological parks.
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